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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND COMPUTER
PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to image processing
apparatuses, image processing methods, and computer pro-
grams. Moe specifically, the present invention relates to an
image processing apparatus, an image processing method,
and a computer program for generating high-quality image
data by correcting image data in which false color is
generated, for example, due to lens aberration.

BACKGROUND ART

[0002] For photographing with a camera, various prob-
lems are caused by lens aberration. Examples of typical
chromatic aberration include Seidel’s five aberrations,
which are monochromatic aberrations. This is five aberra-
tions analyzed by Seidel in Germany and based on a lens
sphere and is a collective term of spherical aberration, coma
aberration, astigmatism aberration, distortion aberration,
and field curvature. Apart from those aberrations, it is known
that chromatic aberration can also cause a serious problem.
The chromatic aberration results from the fact that the
refractive index of light with respect to lens material varies
due to its wavelength, and produces false color at an image
capture surface.

[0003] As typical examples of chromatic aberration, axial
chromatic aberration, which causes color blur since a focal-
point position on an optical axis varies depending on the
wavelength, and magnification chromatic aberration, which
causes color shift since the image magnification varies
depending on the wavelength, are well known. In general, a
phenomenon called “purple fringe (purple tringe)” in
English is also an important cause of image deterioration.
This is a phenomenon in which false color is generated at an
edge portion in an image because of a difference in point
spread due to a light wavelength. Even when it is not so
visible among typical pixels, the presence of a high-contrast
edge portion where white saturation, i.e., a state in which the
luminance level is saturated, occurs causes purple false color
to be generated around the edge portion, thus forming an
unnatural image. In general, false color generated in the
neighborhood of a white-saturated portion is called “purple
fringe” since a large amount of purple-based color is gen-
erated. However, the false color may be any colors, such as
green-tined color, depending on a lens and photography
conditions. Hereinafter, the “purple fringe” refers to a false-
color generation phenomenon that occurs at a high-contrast
edge portion where white saturation occurs, regardless of
color generated.

[0004] As a technology for reducing color aberration,
lenses using glass made of special material, such as fluorite,
are available. However, since high cost is required to manu-
facture such lenses, the price is also high. Such lenses are
used for some high-class cameras, such as lens-replaceable
cameras, but cannot be said to be widely used.

[0005] Patent Document 1 describes a method for reduc-
ing false color generated due to chromatic aberration by
performing image processing. In this processing, processing
for suppressing color, i.e., reducing color saturation, is
performed on a portion where green-channel high-frequency
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components are high. As measures for a case in which white
saturation occurs, Patent Document 1 also discloses a con-
figuration for performing processing for reducing the color
saturation of a white-saturated portion by photographing two
images with varied exposure and estimating the original
luminance of the white-saturated portion.

[0006] However, in the processing described in Patent
Document 1, since the false color is reduced by reducing the
color saturation, the color saturation of original subject color
is also reduced to thereby make it impossible to faithfully
reproduce the original color of the subject. As a result, there
is a problem in that an image that looks unnatural is output.
Additionally, in order to estimate the luminance of a white-
saturated portion, photography needs to be performed twice.
When hand movement or subject movement occurs during
the two photography operations, there is a problem in that it
is difficult to obtain a correct result.

[0007] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2003-60983

DISCLOSURE OF INVENTION

[0008] The present invention has been made in view of the
problems described above, and an object of the present
invention is to provide an image processing apparatus, an
image processing method, and a computer program which
allow high-quality image data to be generated and output
without affecting the entire image, by paying attention to
false color such as purple fringe generated around a white-
saturated portion, efficiently detecting the false color area,
and executing partial correction.

[0009] A first aspect of the present invention provides an
image processing apparatus.

[0010] The image processing apparatus has:

[0011] a white-saturation detection unit for detecting a
white saturated pixel from image data;

[0012] a false-color-pixel detection-area setting unit for
setting a false-color-pixel detection area around the white-
saturated pixel detected by the white-saturation detection
unit;

[0013] a false-color detection unit for identifying pixels
having color corresponding to false color as false-color
pixels in the area set by the false-color-pixel detection-area
setting unit; and

[0014] a pixel-value correction unit for executing pixel-
value correction processing, based on values of surrounding
pixels, on the false-color pixels detected by the false-color
detection unit.

[0015] In addition, according to one embodiment of the
image rocessing apparatus of the present invention, the
pixel-value correction unit has a compensation interpolation
unit for executing compensation interpolation processing,
based on the surrounding pixel values, on the false-color
pixels, and a color blur processing unit for executing color
blur processing on the false-color pixels.

[0016] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
pixel-value correction unit selects pixels other than false-
color pixels and white-saturated pixels from pixels that exist
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around the false-color pixels and executes compensation
interpolation processing based on the selected pixels.

[0017] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color detection unit executes processing for identify-
ing, as false-color pixels, pixels having preset specific color
in the area set by the false-color-pixel detection-area setting
unit.

[0018] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false color is purple fringe, and the false-color detection unit
executes processing for identifying, as false-color pixels,
purple pixels in the area set by the false-color-pixel detec-
tion-area setting unit.

[0019] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area setting unit executes pro-
cessing for determining the false-color-pixel detection area
set around the white-saturated pixel detected by the white-
saturation detection unit, in accordance with at least one
piece of data of a diaphragm during photography of image
data to be processed, focal distance information, and a
distance from an optical center to a white-saturated pixel (x,

y)

[0020] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
white-saturation detection unit executes processing for
selecting a white-saturated pixel having a luminance higher
than or equal to a predetermined threshold.

[0021] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
image processing apparatus further has a color conversion
unit for executing data conversion processing for separating
input image data into luminance-component image data and
color-component image data, and executes pixel-value cor-
rection processing based on the converted data generated by
the color conversion unit.

[0022] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area setting unit has a reference-
image analyzing unit for receiving a reference image in
which a pixel at a position corresponding to a white-
saturated pixel in an image to be processed does not have a
saturation luminance value and obtaining a luminance value
of the reference-image pixel corresponding to the white-
saturated pixel in the image to be processed. The reference
image is a photographed image of the same subject as the
image to be processed. The false-color-pixel detection-area
setting unit further has a false-color-pixel detection-area
determining unit for setting a false-color-pixel detection area
in accordance with the luminance value of the corresponding
reference-image pixel, the luminance value being obtained
by the reference-image analyzing unit.

[0023] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area determining unit sets a false-
color-pixel detection area by using a lookup table in which
the luminance value of the reference image and a false-color
generable pixel range or the false-color-pixel detection area
are associated with each other.

Feb. 15, 2007

[0024] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area determining unit executes
processing for setting a wider false-color-pixel detection
area as the luminance value of a corresponding pixel in the
reference image increases.

[0025] Additionally, according to one embodiment of the
image processing apparatus of the present invention, by
using, as the reference image, an image photographed by an
image capture device having a low-sensitivity sensor or an
image photographed under a condition of a low exposure
less than an adequate exposure, the false-color-pixel detec-
tion-area determining unit obtains a reference-image lumi-
nance -value of a portion corresponding to a white-saturated
pixel in an image to be processed.

[0026] In addition, a second aspect of the present inven-
tion provides an image processing method. The image
processing method includes:

[0027] a white-saturation detecting step of detecting a
white saturated pixel from image data;

[0028] a false-color-pixel detection-area setting step of
setting a false-color-pixel detection area around the white-
saturated pixel detected in the white-saturation detecting
step;

[0029] a false-color detecting step of identifying pixels
having color corresponding to false color as false-color
pixels in the area set in the false-color-pixel detection-area
setting step; and

[0030] a pixel-value correcting step of executing pixel-
value correction processing, based on values of surrounding
pixels, on the false-color pixels detected in the false-color
detecting step.

[0031] Additionally, according to one embodiment of the
present invention, the pixel-value correcting step has: a
compensation interpolation step of executing compensation
interpolation processing, based on the surrounding pixel
values, on the false-color pixels; and a color blur processing
step of executing color blur processing on the false-color
pixels.

[0032] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
pixel-value correcting step is a step of selecting pixels other
than false-color pixels and white-saturated pixels from pix-
els that exist around the false-color pixels and executing
compensation interpolation processing based on the selected
pixels.

[0033] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color detecting step is a step of executing processing
for identifying, as false-color pixels, pixels having preset
specific color in the area set in the false-color-pixel detec-
tion-area setting step.

[0034] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false color is purple fringe, and the false-color detecting step
is a step of executing processing for identifying, as false-
color pixels, purple pixels in the area set in the false-color-
pixel detection-area setting step.
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[0035] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area setting step is a step of
executing processing for determining the false-color-pixel
detection area set around the white-saturated pixel detected
in the white-saturation detecting step, in accordance with at
least one piece of data of a diaphragm during photography
of image data to be processed, focal distance information,
and a distance from an optical center to a white-saturated
pixel (x, y).

[0036] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
white-saturation detecting step is a step of executing pro-
cessing for selecting a white-saturated pixel having a lumi-
nance higher than or equal to a predetermined threshold.

[0037] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
image processing method further has a color converting step
of executing data conversion processing for separating input
image data into luminance-component image data and color-
component image data and of executing pixel-value correc-
tion processing based on the converted data generated by the
color conversion unit.

[0038] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area setting step having: a refer-
ence-image analyzing step of inputting a reference image in
which a pixel at a position corresponding to a white-
saturated pixel in an image to be processed does not have a
saturation luminance value and obtaining a luminance value
of the reference-image pixel corresponding to the white-
saturated pixel in the image to be processed, the reference
image being a photographed image of the same subject as
the image to be processed; and a false-color-pixel detection-
area determining step of setting a false-color-pixel detection
area in accordance with the luminance value of the corre-
sponding reference-image pixel, the luminance value being
obtained in the reference-image analyzing step.

[0039] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area determining step is a step of
setting a false-color-pixel detection area by using a lookup
table in which the luminance value of the reference image
and a false-color generable pixel range or the false-color-
pixel detection area are associated with each other.

[0040] Additionally, according to one embodiment of the
image processing apparatus of the present invention, the
false-color-pixel detection-area determining step is a step of
executing processing for setting a wider false-color-pixel
detection area as the luminance value of a corresponding
pixel in the reference image increases.

[0041] Additionally, according to one embodiment of the
image processing apparatus of the present invention, in the
false-color-pixel detection-area determining step, an image
photographed by an image capture device having a low-
sensitivity sensor or an image photographed under a condi-
tion of a low exposure less than an adequate exposure is used
as the reference image, and a reference-image luminance
value of a position corresponding to a white-saturated pixel
in an image to be processed is obtained.
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[0042] In addition, a third aspect of the present invention
provides a computer program for causing a computer to
execute image processing. The program has:

[0043] a white-saturation detecting step of detecting a
white saturated pixel from image data;

[0044] a false-color-pixel detection-area setting step of
setting a false-color-pixel detection area around the white-
saturated pixel detected in the white-saturation detecting
step;

[0045] a false-color detecting step of identifying pixels
having color corresponding to false color as false-color
pixels in the area set in the false-color-pixel detection-area
setting step; and

[0046] a pixel-value correcting step of executing pixel-
value correction processing, based on values of surrounding
pixels, on the false-color pixels detected in the false-color
detecting step.

[0047] Additionally, according to one embodiment of the
present invention, the false-color-pixel detection-area set-
ting step includes: a reference-image analyzing step of
inputting a reference image in which a pixel at a position
corresponding to a white-saturated pixel in an image to be
processed does not have a saturation luminance value and
obtaining a luminance value of the reference-image pixel
corresponding to the white-saturated pixel in the image to be
processed, the reference image being a photographed image
of the same subject as the image to be processed; and a
false-color-pixel detection-area determining step of setting a
false-color-pixel detection area in accordance with the lumi-
nance value of the corresponding reference-image pixel, the
luminance value being obtained in the reference-image
analyzing step.

[0048] The computer program of the present invention can
be supplied to, for example, a general-purpose computer
system that can execute various program codes via a storage
media, such as a CD, FD, or MO in a computer-readable
format, or through a communication medium, such as a
network. Supplying such a program in a computer-readable
format can cause a computer to achieve processing accord-
ing to the program.

[0049] Further objects, features, and advantages of the
present invention will become apparent from more detailed
description based on embodiments described below accord-
ing to the present invention and the accompanying drawings.
The term “system” herein refers to a logical combination of
a plurality of apparatuses and is not limited to a system in
which individual apparatus are included in the same hous-
ing.

[0050] According to the configuration of the present
invention, a white-saturated pixel is detected from image
data, a false-color-pixel detection area is set around the
detected white-saturated pixel, pixels having color corre-
sponding to false color such as purple fringe are detected
from the set area, the detected pixels are determined as
false-color pixels, and correction processing based on the
values of the surrounding pixels is executed on the identified
false-color pixels. Thus, it is possible to efficiently detect the
area of false color, such as purple fringe, generated in the
neighborhood of a white-saturated pixel and to partially
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correct the values of pixels. It is also possible to generate and
output high-quality image data without affecting the entire
image.

[0051] According to the configuration of the present
invention, it is possible to perform appropriate correction on
false color, such as purple fringe, caused by chromatic
aberration occurred to an image photographed by a camera,
and it is possible to achieve the generation and output of
high-quality image data. With a conventional camera, there
is a possibility that an unnatural image is photographed
unless settings, such as a lens diaphragm, are adjusted in a
situation in which purple fringe is generated. However,
when the present invention is applied, it is possible to
efficiently extract and correct false color, such as purple
fringe, contained in a photographed image and it is possible
to generate and output a high-quality image. Thus, there is
no need to pay attention to the lens diaphragm and the focal
distance such that purple fringing does not occur during
photography, thus making it possible to perform photogra-
phy with a higher degree of freedom.

[0052] In addition, according to the configuration of the
present invention, a subject actual luminance corresponding
a white-saturated pixel is estimated based on a reference
image, a false color (purple fringe) detection area corre-
sponding to the subject actual luminance is set, and false
color (purple fringe) pixels in the set area are detected and
corrected. Thus, a false color (purple fringe) detection area
corresponding to an area in which false color (purple fringe)
is likely to be generated can be set, without the set false color
(purple fringe) detection area becoming too large or too
small. False color (purple fringe) pixels can be reliably and
efficiently detected, the accuracy of image correction is
increased, and the efficiency is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG.1is a diagram showing the configuration of an
image processing apparatus of the present invention.

[0054] FIG. 2 is a flow chart illustrating the entire pro-
cessing sequence of an image processing method of the
present invention.

[0055] FIG. 3 is a diagram illustrating the configuration of
image data to be corrected by the image processing appa-
ratus of the present invention.

[0056] FIG. 4 is a detailed sequence of a white-saturated-
area detection processing executed in the image processing
of the present invention.

[0057] FIG. 5 is a flow chart illustrating a detailed
sequence of a false-color-pixel detection-area setting pro-
cessing executed in the image processing of the present
invention.

[0058] FIG. 6 is a diagram illustrating a processing
example of the false-color-pixel detection-area setting pro-
cessing executed in the image processing of the present
invention.

[0059] FIG. 7 is a flow chart illustrating a detailed
sequence of a false-color-pixel detection processing
executed in the image processing of the present invention.

[0060] FIG. 8 is a diagram illustrating a processing
example (a case in which CIE L*a*b* is used) of the
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false-color-pixel detection processing executed in the image
processing of the present invention.

[0061] FIG. 9 is a diagram illustrating a processing
example (a case in which YCbCr is used) of the false-color-
pixel detection processing executed in the image processing
of the present invention.

[0062] FIG. 10 includes diagrams illustrating a processing
example of a false-color-pixel correction processing
executed in the image processing of the present invention.

[0063] FIG. 11 is a flow chart illustrating a detailed
sequence of a false-color-pixel correction processing
executed in the image processing of the present invention.

[0064] FIG. 12 is a flow chart illustrating a detailed
sequence of the false-color-pixel correction processing
executed in the image processing of the present invention.

[0065] FIG. 13 is a flow chart illustrating a detailed
sequence of color blur processing executed in the image
processing of the present invention.

[0066] FIG. 14 is a block diagram illustrating the func-
tional configuration of a digital signal processing for execut-
ing false-color correction according to a first embodiment, in
the image processing apparatus of the present invention.

[0067] FIG. 15 includes graphs illustrating the relationship
a subject actual luminance/an edge configuration and the
generation of false color (purple fringe).

[0068] FIG. 16 includes graphs illustrating a subject actual
luminance, an edge configuration, a photographed-image
luminance, and the generation of false color (purple fringe).

[0069] FIG. 17 includes graphs illustrating the luminance
information of a reference image obtained using, for
example, a low-sensitivity sensor to estimate a subject actual
luminance.

[0070] FIG. 18 includes graphs illustrating the relationship
between a subject actual luminance and the generation range
of false color (purple fringe).

[0071] FIG. 19 is a flow chart illustrating a processing
procedure for setting a false-color detection area in a second
embodiment.

[0072] FIG. 20 is a table showing an example of the
structure of a lookup table (LUT) used in the processing for
setting the false-color detection area in the second embodi-
ment.

[0073] FIG. 21 is a block diagram illustrating the func-
tional configuration of a digital signal processing for execut-
ing false-color correction according to the second embodi-
ment, in the image processing apparatus of the present
invention.

[0074] FIG. 22 is a block diagram illustrating the configu-
ration of a false-color-pixel detection-area setting unit in the
digital signal processing for executing false-color correction
according to the second embodiment, in the image process-
ing apparatus of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0075] Details of an image processing apparatus, an image
processing method, and a computer program according to
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the present invention will be described below with reference
to the accompanying drawings.

[0076] [First Embodiment]

[0077] First, an example of the configuration of an image
processing apparatus will be described with reference to
FIG. 1. The image processing apparatus shown in FIG. 1 has
an image capture unit and is illustrated as an example of an
apparatus for executing correction processing on the data of
an image captured by the image capture unit. However, for
example, the image processing apparatus of the present
invention can receive image data stored in a storage unit,
such as a hard disk, and corrects the input image. The image
processing apparatus can perform correction processing on
not only image data input via the image capture unit but also
various types of input image data, such as image data input
via storing means or a network. FIG. 1 shows one example
of'the configuration of the image processing apparatus of the
present invention.

[0078] A detailed configuration of the image processing
apparatus shown in FIG. 1 will be described. As shown in
FIG. 1, the image processing apparatus includes a lens 101,
a diaphragm 102, a solid-state image capture device 103, a
correlated double sampling circuit 104, an A/D converter
105, a DSP block 106, a timing generator 107, a D/A
converter 108, a video encoder 109, a video monitor 110, a
codec (CODEC) 111, a memory 112, a CPU 113, an input
device 114, a flash control device 115, and a flash light
emitting device 116.

[0079] The input device 114 herein refers to operation
buttons and so on, such as a record button, provided on a
camera main unit. The DSP block 106 is a block having a
signal processor and an image RAM. The signal processor
can perform pre-programmed image processing on image
data stored in the image RAM. Hereinafter, the DSP block
will simply be referred to as a “DSP”.

[0080] The entire operation of the present embodiment
will be described below.

[0081] Incident light that has reached the solid-state image
capture device 103 through the optical system first reaches
light receiving elements on the image-capture surface and is
photoelectrically converted by the light receiving elements
into an electrical signal. Noise of the electrical signal is
eliminated by the correlated double sampling circuit 104 and
the resulting signal is converted by the A/D converter 105
into a digital signal. Thereafter, the digital signal is tempo-
rarily stored in the image memory in the digital signal
processor (DSP) 106. During photography, it is possible to
cause the flash light emitting device 116 to emit light via the
flash control device 115, when necessary.

[0082] While an image is captured, the timing generator
107 controls the signal processing system so as to maintain
image-capturing at a constant frame rate. A stream of pixels
is also sent to the digital signal processor (DSP) 106, in
which appropriate image processing is performed. Thereaf-
ter, the resulting image data is sent to either or both of the
D/A converter 108 and the codec (CODEC) 111. The D/A
converter 108 converts the image data, sent from the digital
signal processor (DSP) 106, into an analog signal and the
video encoder 109 converts the analog signal into a video
signal, which can then be monitored on the video monitor
110. This video monitor 110 serves as a camera finder in the
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present embodiment. The codec (CODEC) 111 encodes the
image data sent from the digital signal processor (DSP) 106
and the encoded image data is stored in the memory 112. In
this case, the memory 112 may be, for example, a storage
device using a semiconductor, a magnetic storage medium,
a magneto-optical storage medium, or an optical storage
medium.

[0083] The entire system of a digital camera system has
been described above as one example of the image process-
ing apparatus of the present embodiment. Image processing
according to the present invention, i.e., processing for cor-
recting image data, is executed by the digital signal proces-
sor (DSP) 106. Details of the image processing will be
described below.

[0084] A characteristic of how false color (purple fringe)
is generated will be described first. The false color (purple
fringe) refers to a phenomenon in which a color shift due to
chromatic aberration noticeably appears around a white-
saturated portion, and has a characteristic in that, for
example, purple false color is generated. The size of an area
where false color is generated around a white-saturated
portion is associated with the type of optical system, the
diaphragm of the optical system, and the focal distance, as
well as a difference in luminance between a high-luminance
portion and its surrounding portion, and also varies depend-
ing on the distance from the optical center. Also, a large
amount of false color appears in a direction from the optical
center toward the outside of a high-luminance pixel, in a
direction from the high-luminance pixel toward the optical
center, and so on. The tendency of the appearance varies
depending on an optical system that performs image capture.
In view of the characteristics described above, the present
invention provides an image processing method for reducing
purple fringing. The high-luminance pixel herein refers to a
saturated pixel on an image and will hereinafter be referred
to as a white-saturated pixel.

[0085] As described above, the typical phenomenon in
which false color caused by lens aberration and generated at
a high-contrast edge portion where white saturation, which
is a state in which the luminance level is saturated, occurs is
called “purple fringing”. The false color is not limited to
purple and may be green-tinted color. In the embodiment
below, an example in which purple false color is generated
will be described, but the present invention does not restrict
the false color to purple and is applicable to processing for
correcting false color having any color that is generated in
the neighborhood of a white-saturated portion.

[0086] FIG. 2 is a flow chart showing the present embodi-
ment. The outline of the entire processing will be described
first and details of each process will be described later. Step
S101 is color-space conversion processing, in which an
input image is subjected to color-space conversion and is
separated into a luminance component image and a color
component image. Next, step S102 is white-saturated area
detection processing, in which a white-saturated portion is
detected from the input image data to be corrected. Step
S103 is a false-color-pixel detection-area setting processing,
in which a search area for purple pixels, which are false-
color pixels generated around a white-saturated portion, is
set. Further, step S104 is false-color pixel detection process-
ing, in which purple pixels in the search area are detected.
Step S105 is false-color pixel correction processing, in
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which the color components of the detected purple pixels are
corrected. Further, step S106 is color blur processing (filter
processing), in which filter processing is performed to
provide a result that looks natural. Lastly, step S107 is
color-space inverse-conversion processing, in which the
luminance component image and color component image of
the corrected result are converted and the resulting image is
output as an RGB color image.

[0087] The input image is the data of an image captured by
an image capture unit, for example, in the system having the
image capture unit shown in FIG. 1 and is data input to the
digital signal processor (DSP) 106 as digital data. As
described above, the input image data may be image data
stored in a storage medium or data input from another
apparatus through a network.

[0088] In the present embodiment, the input image to be
processed is referred to as RGB, . RGB,, is an image having
color information in each pixel and is obtained by perform-
ing demosaic processing and white-balance processing on
data output from the solid-state image capture device of a
camera. With RGB,, of an input image to be processed, as
shown in FIG. 3, the number of pixels (width) in the x
direction of the input image RGB,,, is indicated by w and the
number of pixels (height) in the y direction is indicated by
h. Each step will be described below in detail.

[0089] First, in the color-space conversion processing in
step S101, the input image RGB,, is converted and is
separated into a luminance component image L, and a color
component image C,,. That is, the input RGB-color image is
converted into color-space data having luminance compo-
nents and color-space data having color components. For
example, YCbCr or CIE L*a*b* can be used for the color
space of the converted data.

[0090] Next, in the white-saturated area detection process-
ing in step S102, white-saturated area detection processing
(white-saturation mask determination) based on the con-
verted image data is executed. That is, white saturated pixels
are detected from the image data and a white saturation mask
S, which is a binary image, is generated. Details of the
white-saturated pixel detection processing executed in step
S102 will be described with reference to FIG. 4.

[0091] In steps S201 and S202, of the image data to be
corrected, the position of a pixel to be inspected is initiated.
In the initialization, the position of a pixel to be inspected is
set as x=0 and y=0. In step S203, a determination is made as
to whether or not the luminance of a pixel (x, y) having the
luminance component image [, is higher than or equal to a
predetermined threshold. When the luminance is higher than
or equal to the threshold, the process proceeds to step S204,
in which the white-saturation mask S (x, y) is set to true.
When the luminance is lower than or equal to the threshold,
the process proceeds to step S205, in which the white-
saturation mask S (%, y) is set to false.

[0092] Instep S206, the pixel position x is updated. In step
S207, a determination is made as to whether or not x reaches
a maximum value (x=w). When x does not reach the
maximum value, step S203 and the subsequent steps are
repeatedly executed. When x reaches the maximum value
(x=w) in step S207, the process proceeds to step S208, in
which the pixel position y is updated. In step S209, a
determination is made as to whether or not y reaches a
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maximum value (y=h). When y does not reach the maximum
value, step S202 and the subsequent steps are repeatedly
executed. When processing on all pixels (x=0 to w, y=0 to
h) is finished, the generation of the white saturation mask is
finished.

[0093] As a result, a white-saturation mask that distin-
guishes between a pixel area having a luminance level
higher than the threshold and a pixel area having a lumi-
nance area equal to or less than the threshold is generated for
each pixel position. When luminance levels of 0 (dark) to
255 (bright) are set, the threshold is set to, for example,
about 250 and pixels having luminance levels higher than or
equal to 250 are extracted as white-saturated-generated
pixels and a white saturation mask that can distinguish only
those pixels is generated.

[0094] Through the processing described above, step S102
shown in FIG. 2 is finished. Next, the false-color-pixel
detection-area setting processing in step S103 is executed. In
this processing, search-area setting (dilate) processing for a
false-color-generated portion around a white-saturated por-
tion is executed. In this case, a mask P for distinguishing a
search area for a false-color-generated portion around a
white-saturated portion, i.e., a mask P representing a search
area for purple pixels around a white-saturated portion, is
generated. P is a binary mask image.

[0095] Details of the false-color-generated-portion search-
area setting processing in step S103 will be described with
reference to FIG. 5. First, in step S301, all pixels of the
false-color area mask P are initialized to false. Next, in steps
S302 and S303, the pixel position is initialized. In the
initialization, the pixel position is set as x=0 and y=0.

[0096] After the pixel position is set, in step S304, the
pixel value of the white saturation mask S for the set pixel
position is determined. When the white saturation mask S (x,
y) is false for the set pixel position (X, y), the process
proceeds to step S314 for the processing on a next pixel. If
S (%, y) is true, the process proceeds to step S305. When the
white-saturation mask S (x, y) is false for the pixel position
(%, y), this means that the pixel value of the pixel poison (X,
y) indicates a non white-saturated pixel. When the white-
saturation mask S (x, y) is true for the pixel position (X, y),
this means that the pixel value of the pixel poison (X, y)
indicates a white-saturated pixel.

[0097] When the white saturation mask S (x, y) is true for
the pixel position (%, y), in step S305, an area in which false
color can be generated around the white saturated pixel (x,
y) is determined. As described above, purple fringing occurs
around a white-saturated portion, and an area in which
purple fringing can occur changes depending on the type of
optical system, the setting of a diaphragm/focal distance,
and a difference in luminance between a high-luminance
pixel and its surrounding pixels. The area in which the
purple fringing can occur also changes depending on the
distance from the optical center on an image. The informa-
tion of the type and setting of the optical system can be
stored during photography so as to be used for image
processing. The positional relationship between a white-
saturated portion and the optical center portion can be easily
determined.

[0098] For example, based on the characteristics of the
optical system of the image capture system, pre-set false-
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color-pixel detection-area determination information, such
as a lookup table (LUT) containing a false-color-pixel
detection area corresponding to an image area, is used in the
present embodiment. For example, the lookup table (LUT)
has a structure that is capable of outputting, as input param-
eters, false-color detection area information, such as the
distance from the optical center on an image to a white-
saturated pixel (x, y), the diaphragm during photography of
image data, and focal distance information.

[0099] The diaphragm and focal distance information dur-
ing photography of image data is obtained from the attribute
information of the image data and the pixel position infor-
mation set as information to be inspected in this flow is used
for the distance from the optical center on the image to the
white saturated pixel (X, y).

[0100] When the attribute information, such as the dia-
phragm and focal distance information during photography
of image data, cannot be obtained, a false-color-pixel detec-
tion area may be determined based on only the distance from
the optical center on the image to the white saturated pixel
(X, y). Also, a certain area around the white-saturated pixel
(X, y) may be automatically set as the false-color-pixel
detection area, without the use of the information, such as
the distance from the optical center to the white-saturated
pixel (x, y).

[0101] In step S305, the range of the false-color-pixel
detection area around the white saturated pixel (x, y) is
determined as four scalar values (X,, X;, Yo, ¥;)- In this
determination, as shown in FIG. 6, a rectangle area defined
by x, to X, and y, to y, around a saturated white pixel (X, y)
201 is determined as the false-color-pixel detection area 202.
Pixels 203 indicated by dotted lines in FIG. 6 are white
saturated pixels 203 other than the white saturated pixel (x,
y) 201 of interest.

[0102] Next, with respect to the determined false-color-
pixel detection area (X, Xy, Yo, ¥;,)> @ point expressed by
i=x and j=y, is set as the origin (in steps S306 and S307). In
stepos S308 to S312, a determination is made as to whether
the value of the white saturation mask S (i, j) is true or false
with respect to each pixel in the false-color-pixel detection
area (X,, X;, Yo, ¥,)- With respect to the pixels included in the
false-color-pixel detection area 202 shown in FIG. 6, a
determination is sequentially made as to whether the value
of the white saturation mask is true or false. In FIG. 6, with
respect to the white saturated pixel (x, y) of interest 201 and
the white saturated pixels 203, it is determined that the white
saturation mask S (i, j) is true.

[0103] When it is determined in step S308 that the white
saturation mask S (i, j) is true, the process proceeds to step
S310, in which processing on a next pixel is performed.
When the white saturation mask S (i, j) is false, the process
proceeds to step S309, in which the value of the false-color
area mask P (i, j) is set to true. Thereafter, the process
proceeds to step S310, in which processing on a next pixel
is performed. Steps S310 to S313 include processing for
updating the values of i and j and processing for determining
whether maximum values i=x, and j=y, are satisfied. While
the values of i and j are sequentially updated, the value of the
false-color area mask P (i, j) set around the specific pixel (x,
y) is determined.

[0104] The false-color mask P (i, j)=true indicates that the
pixel in question belongs to the false-color-pixel detection
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area and is not a white saturated pixel. The false-color area
mask P (i, j)=false indicates that the pixel in question does
not belong to the false-color-pixel detection area or is a
white saturated pixel.

[0105] When it is determined in step S313 that the pro-
cessing on all pixels (i, j) in the false-color-pixel detection
area (X, Xy, Yo, ¥;) 1s completed, the process proceeds to
step S314. Steps S314 to S317 include processing for
updating the values of x and y and processing for determin-
ing whether the maximum values x=w and y=j are satisfied.
While the values of x and y are sequentially updated, the
values of the false-color area mask P (i, j) are determined
with respect to all pixels in the image (x=0 to w and y=0 to
h) to be processed and the false-color area mask P (i, j) is
generated. When it is determined that all pixels (x, y) in the
image have been processed, the false-color-pixel detection-
area setting processing in step S103 shown in FIG. 2 is
finished.

[0106] The next processing is the false-color pixel detec-
tion processing in step S104 shown in FIG. 2. In step S103,
although false color around a white-saturated portion, i.e., an
area in which purple fringe can be generated in an image, is
determined using the false-color area mask P, processing for
detecting a pixel that is actually assumed to have purple
fringe is performed in next step S104. That is, pixels that are
actually assumed to have purple fringe are detected from
pixels in an area that satisfies the false-color area mask
P=true.

[0107] Instep S104, the false-color area mask P is updated
by overwriting the false-color area mask P calculated in step
S103 to thereby generate a false-color area mask P that
allows identification of only pixels ultimately determined to
have false color. Details of the false-color pixel detection
processing in step S104 will be described with reference to
FIG. 7.

[0108] In steps S401 and S402, the image-data pixel
position is initialized. In the initialization, the pixel position
is set as x=0 and y=0. In step S403, the value of the
false-color area mask P for the pixel position (X, y) is
determined. For P (x, y)=false, the process proceeds to step
S406. For P (x, y)=true, the process proceeds to step S404.

[0109] As described above, the false-color area mask P (i,
j) =true indicates that the pixel in question belongs to the
false-color-pixel detection area and is not a white saturated
pixel. The false-color area mask P (i, j)=false indicates that
the pixel in question does not belong to the false-color-pixel
detection area or is a white saturated pixel.

[0110] When the pixel position (x, y) satisfies the false-
color area mask P (i, j)=true, i.e., the pixel in question
belongs to the false-color-pixel detection area and is not a
white-saturated pixel, a determination is made in step S404
as to whether or not the color of a color component image
C,, at the position (X, y) is color corresponding to false color.
For example, a determination is made as to whether the color
is the purple of purple fringing.

[0111] The method for determining whether or not the
color component image C,, (X, y) is color corresponding to
false color, for example, purple, varies depending on the
converted color space. One example of the determination
method when, for example, CIE L*a*b* is used for the color
space will be described with reference to FIG. 8. The color.
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components are determined using component a* and com-
ponent b*. The CIE L*a*b* has a characteristic as follows.
When the value of component a* increases, the color
approaches red (Red), and when the value of component a*
decreases, the color approaches green (Green). When the
value of component b* increases, the color approaches
yellow (Yellow), and when the value of component b*
decreases, the color approaches blue (Blue). Thus, when (a*,
b*) exists in the fourth quadrant, it has color close to purple
(Purple). Whether the color is purple or not is determined
using an angle o formed by the vector (a*, b*) and the axis
a*.

[0112] The angle range for purple that is determined to be
false color is appropriately set as a parameter. Alternatively,
a predetermined value is used for the angle range. The color
saturation of a false color (purple fringe) portion pixel tends
to be high. Thus, only when the above described conditions
are satisfied and the color saturation of the color component
C,, is higher than or equal to a preset threshold, it may be
determined as false color (purple fringe).

[0113] The method for determining whether or not the
color component image C, (X, y) is color corresponding to
false color, for example, purple, varies depending on the
converted color space. Processing for a case in which YCbCr
is used for the color space will be described next. In this
case, the color component is determined using component
Cb and component Cr. Since Cb=128 and Cr=128 indicate-
achromatic color in the YCbCr space, color represented by
Cb and Cr is expressed by (Cb-128, Cr-128). For example,
an angle expressed by 6 for (Cb-128, Cr-128)=(axcos0,
axsin®) is used as a hue. Whether or not the color component
image C,, (X, y) is color corresponding to false color is
determined by, for example, determining whether the angle
0 is in a pre-specified range.

[0114] Processing for determining whether C,, (x, y) has a
hue that is in a pre-specified hue range, i.e., has a hue that
is in a hue range corresponding to false color, such as purple
fringe (PF), in a configuration using YCbCr is described
with reference to FIG. 9. FIG. 9 is a plot showing a
purple-fringe (PF) hue range in the color space. CbCr
corresponding to color information when the YCbCr space
is used as one example of the color space is two-dimension-
ally plotted in FIG. 9. The horizontal axis indicates the value
of Cb and the vertical axis indicates the value of Cr. An
origin 250 has color corresponding to Cb=128 and Cr=128.

[0115] As the method for specifying a hue range corre-
sponding to purple fringe (PF), a method for determining
whether or not a hue in question is in the range of two color
hues is used. The purple fringe has purple, and this specific
hue range is set in a two-dimensional CbCr coordinate space
shown in FIG. 9. An area between a hue line 251 and a hue
line 252 shown in the figure is set as an area indicating a hue
range 253 corresponding to purple fringe (PF).

[0116] Whether C,, (X, y) is color corresponding to false
color can be determined based on whether or not C,, (X, y)
is included in the hue range 253 shown in FIG. 9.

[0117] The angle range for purple that is determined to be
false color is appropriately set as a parameter. Alternatively,
a predetermined value is used for the angle range. The color
saturation of a false color (purple fringe) portion pixel tends
to be high. Thus, only when the above described conditions
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are satisfied and the color saturation of the color component
C,, is higher than or equal to a preset threshold, it may be
determined as false color (purple fringe). In this manner,
when it is determined that C, (X, y) is a false color (purple
fringe) pixel, the process proceeds to step S406. When it is
determined that C,, (X, y) is not false color (purple fringe),
the process proceeds to step S405.

[0118] In step S405, the false-color area mask P (x, y) is
set to false, and the process proceeds to step S406. That is,
a pixel that has been determined, as the false-color area
mask P (x, y)=true, to be likely to have false color in the
above-described processing in step S103 (FIG. 2) is ulti-
mately determined as not having false color, and based on
this final determination, it is changed (updated) to the
false-color area mask P (x, y)=false.

[0119] That is, in the processing illustrated in FIG. 7, only
pixels that have ultimately been determined to have false
color by the color determination are sorted from pixels that
are determined to be likely to have false color by the
above-described processing in step S103 (FIG. 2) and the
false-color area mask P (X, y) is updated.

[0120] Steps S406 to S409 include processing for updat-
ing the values of x and y and processing for determining
whether the maximum values x=w and y=h are satisfied.
While the values of x and y are sequentially updated, the
values of the false-color area mask P (i, j) are determined
with respect to all pixels in the image (x=0 to w and y=0 to
h) to be processed and the false-color area mask P (i, j) is
generated. When it is determined that all pixels (x, y) in the
image have been processed, the false-color pixel detection
processing in step S104 shown in FIG. 2 is finished.

[0121] The false-color pixel correction processing in step
S105 shown in FIG. 2 will be described next. In step S104,
as described above, the false-color area mask P for identi-
fying a pixel determined to have false color (purple fringe)
has been generated. In next step S105, processing for
interpolating the color of a pixel determined to have false
color (purple fringe) is executed by compensation repetition
processing based on the pixel values of its surrounding
pixels. The “compensation” processing herein refers to
sequential repetition of the false-color-pixel interpolation
processing based on the pixel values of surrounding pixels.

[0122] FIGS. 10(A) and 10(B) are schematic views illus-
trating the false-color pixel correction processing in step
S105 shown in FIG. 2. As shown in FIG. 10(A), all pixels
in the processing until step S104 are classified into any of a
“white saturated pixel 3017, a “false color (purple fringe)
pixel 3027, and a “pixel 303 that is neither a white-saturated
nor purple-fringe pixel”.

[0123] In the first step of the compensation repetition
processing, each pixel in the image is scanned. If a false
color (purple fringe) pixel 302 (position (X, y)) is in the
neighborhood of pixels 303 that are neither white-saturated
nor purple-fringe pixels, for example, if pixels 303 exist in
the surrounding eight neighborhood pixels, the average
value of the pixel color components C of the neighborhood
pixels 303 is set as a new pixel color component C (X, y).

[0124] In this manner, the processing for setting the pixel
value of a false color (purple fringe) pixel 302 based on the
other pixels 303 is performed on all pixels once. As a result,
as shown in FIG. 10(B), the color components of the false
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color (purple fringe) pixels 302 in the neighborhood of the
other pixels 303 are interpolated and the false color (purple
fringe) pixels 302 are set as interpolated false color (purple
fringe) pixels 304.

[0125] In addition, in the next compensation repetition
processing, the color components of the false color (purple
fringe) pixels 302 in the neighborhood of the other pixels
303 or the interpolated false color (purple fringe) pixels 304
are similarly interpolated based on the other pixels 303 and
the interpolated false color (purple fringe) pixels 304. Such
repetition processing is repeated a fixed number of times. In
this processing, the false color (purple fringe) pixels 302 are
sequentially set as the interpolated false color (purple fringe)
pixels 304 in a direction indicated by arrows 320 shown in
FIG. 10(B). After the fixed number of repetitions of such
repetition processing is performed, even if false color
(purple fringe) pixels 302 whose color components have not
been interpolated exist, it is determined that the color
interpolation using their surrounding pixels is impossible
and the processing for uniformly reducing the color satura-
tion of color of those pixels is performed.

[0126] In this manner, the false-color pixel correction
processing in step S105 shown in FIG. 2 is compensation
repetition processing, that is, processing for setting the pixel
values of pixels, determined to have false color (purple
fringe) in step S104, based on pixels other than surrounding
white-saturated pixels. Color-saturation reduction process-
ing is performed on remaining false color (purple fringe)
pixels 302 that are not interpolated by the above-described
processing.

[0127] Details of the false-color pixel correction process-
ing in step S105 will be described with reference to pro-
cessing flows shown in FIGS. 11 and 12. In the processing
flows in FIGS. 11 and 12, processing in steps S501 to S515
shown in FIG. 11 is processing for compensating the color
components of false color (purple fringe) pixels and pro-
cessing in steps S516 to S523 shown in FI1G. 12 is processing
for reducing the color saturation of pixels that have not been
compensated.

[0128] Descriptions will sequentially be given from FIG.
11. First, in step S501, the content of the false-color area
mask P generated in the false-color pixel detection process-
ing in step S104 shown in FIG. 2 is copied onto a binary
mask P" having substantially the same size. Examples
include:

[0129] False-color area mask P=true—Binary mask
P"=true (1)

[0130] False-color area mask P=false—Binary mask
P"=false (0)

[0131] In step S502, the value of variable t indicating the
number of repetitions of the compensation processing is set
to 0. in step S503, the value of the binary mask P" is copied
onto another binary mask P' having substantially the same
size. These masks P" and P' are temporary mask images used
for storing the position of the false color (purple fringe)
pixels 302 that decrease by the repetition processing.

[0132] Next, in steps S504 and S505, variables x and y
indicating the position coordinates of a pixel to be processed
are initialized to satisfy x=0 and Y=0. Next, in step S506, the
value of the binary mask P' (x, y) is determined. For the
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binary mask P' (x, y)=false, that is, when a pixel to be
processed is not a false-color pixel, the process proceeds to
S510. For the binary mask P' (x, y)=true, that is, when a
pixel to be processed is a false-color pixel, the process
proceeds to S507.

[0133] Instep S507, a determination is made as to whether
or not a pixel that satisfies the binary mask P'=false and the
white-saturation mask S=false exists in pixels in the neigh-
borhood of the pixel (x, y). That is, a determination is made
as to whether a pixel that is neither a false-color pixel nor a
white-saturated pixel exists. When it is determined that a
pixel that satisfies such conditions does not exist in the
pixels in the neighborhood of the pixel (x, y), the process
proceeds to step S510.

[0134] When it is determined that a pixel that is neither a
false-color pixel nor white-saturated pixel exists in the
pixels in the neighborhood of the pixel (x, y), the process
proceeds to step S508. In step S508, the average value of
color components C of one or more pixels that satisfy the
binary mask P'=false and the white-saturation mask S=false,
that is, that are neither false-color pixels nor white-saturated
pixels, and that are in the neighborhood of the pixel (x, y) is
determined and is set for the color component C (X, y) of the
coordinate (x,y). That is, the determined average value is set
as the pixel value of the pixel (X, y). With this interpolation
processing, the interpolated false color (purple fringe) pixels
304 shown in FIG. 10(5) are set.

[0135] After this processing, the process proceeds to step
S509. In step S509, the value of the binary mask P" (x, y)
is set to false. That is, on the binary mask P" (x, y), pixels
that have been changed from false-color pixels to interpo-
lated false-color pixels are set to be identifiable as pixels that
are not false color pixels.

[0136] Steps S510 to S513 include processing for updat-
ing the coordinates ot a pixel to be processed and processing
for determining the maximum values. In step S510, the
value of the x coordinate is increased by 1. Next, in step
S511, a determination is made as to whether x>w-1 is
satisfied (w is the width of an input image). When it is
determined that x>w-1 is satisfied, the process proceeds to
step S512. When it is determined that x>w-1 is not satisfied,
the process proceeds to step S506.

[0137] In step S512, the y coordinate is increased by 1.
Next, in step S513, the y coordinate is compared with h-1,
which is the maximum value of the y coordinate (h is the
height of the input image). When it is determined that y>h-1
is satisfied, the process proceeds to step S514. When it is
determined that y>h-1 is not satisfied, the process proceeds
to step S505.

[0138] In step S514, t indicating the number of repetitions
is increased by 1. In step S515, a determination is made as
to whether the number t of repetitions is predetermined
value tmax or more. Simultaneously, with respect to the
mask image P", a determination is made as to whether the
number of pixels having a value of true is 0. That is, a
determination is made as to whether or not the number of
false-color pixels that have not been completely interpolated
by the compensation interpolation processing is 0. When it
is determined that any of the above-described two conditions
is true, the process proceeds to step S516. When it is
determined that both of the conditions are false, the process
returns to step S503 and the compensation processing is
performed again.
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[0139] In step S515, when it is determined to be true in
either of the processing for determining whether the number
t of repetitions reaches the predetermined value tmax or
more and the processing for determining whether the num-
ber of false-color pixels that have not been completely
interpolated by the compensation interpolation processing is
0, the process proceeds to step S516 shown in FIG. 12.

[0140] In steps S516 and S517, variables x and y indicat-
ing the coordinates of a pixel to be processed are initialized
to satisfy x=0 and Y=0. Next, in step S518, a determination
is made as to whether the value of the binary mask P" for (x,
y) is true. That is, a determination is made as to whether or
not a pixel to be processed is a false-color pixel. For the
binary mask P" (x, y)=true, i.e., for a false-color pixel, the
process proceeds to step S519. For the binary mask P" (x,
y)=false, i.e., for a non-false-color pixel, the process pro-
ceeds to step S520.

[0141] When the pixel to be processed is a false-color
pixel, the color-saturation reduction processing for reducing
the color saturation of color components C (x, y) of the pixel
(%, y) is performed in step S519. For example, when an
L*a*b* color system is used, the color saturation can be
uniformly reduced by multiplying the value of each com-
ponent of a* and b* by a constant in the range of 1.0 to 0.0.
When the color-saturation reduction processing in step S519
is finished, the process proceeds to step S520. In step S520,
the value of the x coordinate is increased by 1. Next, in step
S521, a determination is made as to whether x>w-1 is
satisfied. When it is determined that x>w-1 is satisfied, the
process proceeds to step S522. When it is determined that
x>w-1 is not satisfied, the process proceeds to step S518 and
similar processing is repeated on a neighborhood pixel for
which the x coordinate has been updated.

[0142] 1In step S521, when it is determined that x>w-1 is
satisfied, the maximum value of the x coordinate is reached
and thus the process proceeds to step S522, in which the y
coordinate is increased by 1. In next step S523, the y
coordinate is compared with h-1, which is the maximum
value of the y coordinate. When y>h-1 is not satisfied, the
process proceeds to step S517, and similar processing is
repeated on a pixel having an updated y coordinate. When it
is determined that y>h-1 is satisfied in step S523, the
false-color pixel correction processing is finished. With the
processing described above, the false-color pixel correction
processing in step S105 shown in FIG. 2 is finished.

[0143] When the false-color pixel correction processing in
step S105 is finished, the color blur processing (filtering) in
step S106 is executed next. In step S105, the color of false
color (purple fringe) pixels was interpolated by repeating the
compensation processing and false color (purple fringe)
pixels that had not been compensated were subjected to the
processing for reducing the color saturation. However, a
portion whose color changes relatively quickly can exist in
a false color (purple fringe) portion subjected to the pro-
cessing in step S105. In the color blur processing (filtering)
in step S106, processing for applying a blur filter is per-
formed to reduce the quick color change.

[0144] Details of the color blur processing (filtering) in
step S106 will be described with reference to processing
flow shown in FIG. 13. First, in step S601, the value of
variable t indicating the number of repetitions of the color
blur processing (filtering) is set to 0. Next, in step S602, the
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color component image C updated by the false-color-pixel
correction processing in step S105 described above is copied
onto a color component image C' having substantially the
same size.

[0145] Next, in steps S603 and S604, variables x and y
indicating the coordinates of a pixel to be processed are
initialized to satisfy x=0 and Y=0. Next, in step S605, the
value of the false-color area mask P (X, y) is determined. For
the false-color area mask P (x, y)=false, i.e., for a non-false-
color pixel, the process proceeds to S607. For the false-color
area mask P (X, y)=true, ie., for a false-color pixel, the
process proceeds to step S606.

[0146] The false-color area mask P (x, y) is a mask set to
true for a pixel determined to have false color based on the
color (pixel value) determination in the false-color-pixel
detection processing (corresponding to the processing flow
in FIG. 7) in step S104 described above. The false-color area
mask P (x, y) is mask data that maintains the value “true” for
a false-color pixel area corrected by the false-color pixel
correction pixel processing in step S105 described above.
Since the false-color area mask P (%, y) is used for the color
blur (filtering) processing, the copy mask p" of the false-
color area mask P (x, y) is used for the false-color pixel
correction processing in step S105.

[0147] The description of the color blur processing (fil-
tering) in FIG. 13 will be continued. When the false-color
mask P (x, y) is true in step S605, i.e., when the pixel in
question is a false-color pixel, the process proceeds to step
S606. In step S606, a blur filter is applied to the color
components. This is processing for updating the value of a
pixel value C (%, y) indicating the color components of the
pixel (x, y) in a color component image C', in accordance
with a pixel value C indicating the color components of the
surrounding pixels. For example, the average value of the
color components C' of nine pixels including the pixel (x, y)
to be processed and its surrounding eight pixels is deter-
mined and a moving-average filter is applied such that the
average value is set as an updated pixel value C (x, y) of the
pixel (x, y) to be processed.

[0148] After the blue-filter application processing in step
S606 is finished, the coordinates of the pixel to be processed
are updated and the maximum values are checked in steps
S607 to S610. In step S607, the value of the x coordinate is
increased by 1. Next, in step S608, a determination is made
as to whether x>w-1 is satistied. When it is determined that
x>w-1 is satisfied, the process proceeds to step S608. When
it is determined that x>w-1 is not satisfied, the process
returns to step S604, and similar processing is executed on
a pixel for which the x-coordinate has been updated and the
blur processing is executed as needed.

[0149] When it is determined that x>w-1 is satisfied in
step S608, the process proceeds to step S609, in which the
y coordinate is increased by 1. In next step S610, the y
coordinate is compared with h-1, which is the maximum
value of the y coordinate. When it is determined that y>h-1
is not satisfied, the process proceeds to step S603, and
similar processing is executed on a pixel having an updated
y coordinate and the blur processing is executed as needed.

[0150] When it is determined that y>h-1 is satisfied in step
S610, the process proceeds to S611. In step S611, processing
for increasing the number t of repetitions of the color blur
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processing (filtering) by 1 is performed. In step S612, a
determination is made as to whether or not the number t of
repetitions is a predetermined threshold t’max or more. For
tZt’max, the process returns to step S602, and for t=t’max,
the color blur processing (filtering) is

[0151] With the processing described above, the color blur
processing (filtering) in step S106 shown in FIG. 2 is
finished. When the color blur processing (filtering) in step
S106 is finished, in next step S107, the luminance compo-
nent image L, of the original image and the color compo-
nent image C resulting from the above-described processing
are converted and a resulting image RGB_,, is output as an
RGB color image, thereby completing the entire processing.

[0152] Although an example in which false color is deter-
mined as purple in step S404 shown in FIG. 7 has been
described in the above-descried processing example, the
color of false color is not limited to purple and may be, for
example, green-tinted color. In such a case, the false color is
set as different color in step S404 and a false-color area mask
P (%, y) for determining a pixel having the set color as false
color is configured to thereby allow processing correspond-
ing to arbitrary color.

[0153] When multiple different colors, for example, mul-
tiple colors including purple and green, are corrected, the
processing shown in FIG. 2 may be executed on the different
colors multiple times or may be executed using a configu-
ration in which the false-color area mask P (x, y) that
determines, as true, the pixel values of multiple colors
including purple and green is set as the mask. This makes it
possible to correct false color containing multiple colors.

[0154] FIG. 14 is a block diagram showing the functional
configuration of a digital signal processor (DSP) (corre-
sponding to the DSP 106 shown in FIG. 1) in the image
processing apparatus of the present invention which
executes the above-described processing. Processing
executed by the digital signal processor (DSP) 106 will be
described with reference to the block diagram shown in FIG.
14 while comparing with the flow chart shown in FIG. 2.

[0155] In terms of functions, as shown in FIG. 14, the
digital signal processor (DSP) 106 has a color conversion
unit 401, a white-saturation detection unit 402, a false-color-
pixel detection-area setting unit 403, a false color (purple
fringe) detection unit 404, a pixel-value correction unit 410,
and a color inverse-conversion unit 405. The pixel-value
correction unit 410 includes a false color (purple fringe)
compensation interpolation unit 411 and a false color (purple
fringe) blur processing unit 412.

[0156] The digital signal processor (DSP) 106 receives
image data (RGB,,)) from an input-image frame memory 420
and the color conversion processing unit 401 converts the
color space of the input RGB image and separates it into
luminance components and color components. The process-
ing executed by the color conversion processing unit 401
corresponds to the processing in step S101 in the flow chart
shown in FIG. 2. The input image RGB, is converted and
is separated into a luminance component image [, and a
color component image C, . That is, the RGB-color input
image is converted into a color space having luminance
components and a color space having color components.
YCbCr, CIE L*a*b*, or the like can be used for the color
space.
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[0157] Next, based on the data converted by the color
conversion processing unit 401, the white-saturation detec-
tion unit 402 detects a pixel portion that has white saturation.
This processing corresponds to step S102 in the flow chart
shown in FIG. 2. Specifically, as described with reference to
the flow chart shown in FIG. 4, a pixel having a luminance
that is greater than or equal to a predetermined luminance
threshold is detected and processing for generating a white
saturation mask S (%, y) for identifying the white saturated
pixel is executed.

[0158] The false-color-pixel detection-area setting unit
403 performs processing for setting a false-color-pixel
detection area at portions around the white-saturated pixel
detected by the white-saturation detection unit 402. This
area setting processing is processing for determining an area
in which false color can be generated around a white-
saturated pixel (x, y) that satisfies the white-saturation mask
S (%, y)=true, and the false-color-pixel detection-area deter-
mination information is used therefor. This processing cor-
responds to step S103 in the flow chart shown in FIG. 2 and
is executed in accordance with the processing flow shown in
FIG. 5.

[0159] For example, using a lookup table (LUT) having
false-color-pixel detection-area information associated with
the distance from the optical center on the image to the
white-saturated pixel (x, y) and the diaphragm and focal
distance information during the photography of image data,
the false-color-pixel detection-area setting unit 403 sets a
false-color-pixel detection area around each white-saturated
pixel (x, y). When the diaphragm and focal distance infor-
mation and so on during the photography of image data are
not available, the false-color-pixel detection area may be
determined based on only the distance from the optical
center on the image to the white saturated pixel (x, y). Also,
a certain area around the white-saturated pixel (x, y) may be
always set as the false-color-pixel detection area, without the
use of the information, such as the distance from the optical
center to the white-saturated pixel (x, y).

[0160] As described above with reference to FIG. 6, the
false-color-pixel detection-area setting unit 403 determines,
as four scalar values (X,, X;, Vo, V), the range of the
false-color-pixel detection area around the white-saturated
pixel (x,y) 201 and further generates a false-color area mask
P that is obtained by removing white-saturated pixels in that
area.

[0161] The false color (purple fringe) detection unit 404
uses the false-color area mask P set by the false-color-pixel
detection-area setting unit 403 and further executes process-
ing for detecting pixels determined to have false color
(purple fringe) by color determination processing for each
pixel. That is, the false-color area mask P is updated to
generate a false-color area mask P that is capable of iden-
tifying only false-color pixels to be corrected. This process-
ing corresponds to step S104 in the flow chart shown in FIG.
2 and is executed in accordance with the processing flow
shown in FIG. 7. As described above, color to be determined
as false color is arbitrary, and thus a configuration in which
only purple having a specific color value is set as false color
or a configuration in which multiple colors such as green and
purple are set as false color is possible.

[0162] The false color (purple fringe) compensation inter-
polation unit 411 performs processing for correcting a pixel
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determined to have false color by the false color (purple
fringe) detection unit 404. The processing corresponds to
step S105 in the flow chart shown in FIG. 2 and is executed
in accordance with the processing flows shown in FIGS. 11
and 12. This pixel-value correction processing includes the
compensation interpolation processing (see FIGS. 10 and
11) executed on a pixel, determined to have false color
(purple fringe), based on the values of pixels other than the
surrounding false-color and white-saturated pixels, and the
color-saturation reduction processing (see FIG. 12) for false
color (purple fringe) pixels that have not been corrected by
a predetermined number of repetitions of the compensation
interpolation processing.

[0163] The false color (purple fringe) blur processing unit
412 executes blur processing on the data corrected by the
processing of the false color (purple fringe) compensation
interpolation unit 411. This processing corresponds to step
S106 in the flow chart shown in FIG. 2 and is executed in
accordance with the processing flow shown in FIG. 13.

[0164] The false color (purple fringe) blur processing unit
412 extracts a pixel determined to have false color by the
false color (purple fringe) detection unit 404 and applies a
blur filter to the color components. For example, the false-
color (purple) blue processing unit 412 determines the
average value of nine pixels including a pixel (x, y) to be
processed and its surrounding eight pixels and performs
moving-average filter processing for setting the average
value as an updated pixel value of the pixel (%, y) to be
processed.

[0165] The color inverse-conversion unit 405 converts the
luminance component image L, of the original image and
the color component image C, which is a result of the
above-described processing, and outputs a resulting image
RGB_ as an RGB color image.

[0166] When the present invention is applied, it is possible
to perform appropriate correction on false color, such as
purple fringe, caused by chromatic aberration occurred to an
image photographed by a camera, and it is possible to
achieve the generation and output of high-quality image
data. With a conventional camera, there is a possibility that
an unnatural image is photographed unless settings, such as
a lens diaphragm, are adjusted in a situation in which purple
fringe is generated. However, when the image processing of
the present invention is applied, it is possible to perform
correction so that the photographed image looks more
natural. Thus, there is no need to pay attention to the lens
diaphragm and the focal distance such that purple fringing
does not occur during photography, thus making it possible
to perform photography with a higher degree of freedom.

[0167] [Second Embodiment]

[0168] Next, the configuration of a second embodiment of
the present invention will be described. As described in
detail with reference to the flow in FIG. 5 for the first
embodiment, in the false-color-pixel detection-area setting
processing in step S103 in the flow of FIG. 2, when the pixel
value of a pixel position (x, y) indicates a white-saturated
pixel in step S304 in FIG. 5, the false-color-pixel detection
area (Xg, X;, Yo, ¥, ) 18 set around the white-saturated pixel in
step S305 and the processing (step S104 in FIG. 2 and the
flow in FIG. 7) for detecting false-color pixels from the
false-color-pixel detection area (X, X;, Vo, ¥;) is executed.
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[0169] Inthe processing in the first embodiment described
above, the processing using the preset false-color-image
detection-area determination information, such as the
lookup table (LUT) in which a false-color-pixel detection
area corresponding to an image area is set based on the
characteristics of the optical system of the image capture
system, is used to set the false-color image detection area
(Xgs X;5 Yo, ¥;) around a white-saturated pixel.

[0170] As described above, white-saturated pixels
included in a photographed image are high-luminance pix-
els, i.e., are saturated pixels in the image. For example, for
image data whose luminance value can be set in the range of
0 to 255, all pixels exceeding 250 are determined as white-
saturated pixels and the false-color-pixel detection area (X,
Xy, Vo, ¥;) 1s set around the white saturated pixels based on
the lookup table. However, white-saturated pixels, i.e., high-
luminance pixels in a photographed image, are not all
generated based on a subject having the same brightness, but
a subject having brightness higher than or equal to a certain
brightness results in white-saturated pixels. That is, portions
having a somewhat high level of subject brightness to a very
high level thereof all appear as white-saturated pixels in a
photographed image.

[0171] However, an area in which purple fringe appears
around a white-saturated pixel varies depending on a change
in the brightness level of a subject, i.e., a difference in the
brightness of the edge portion. Even for the same white
saturated pixels in photographed image data, a white-satu-
rated pixel having a large luminance difference in the edge
portion corresponding to a difference in luminance level
between the white-saturated pixel and its neighborhood
pixels results in a large purple fringe generation area, and a
white-saturated pixel having a small luminance difference in
the edge portion results in a small purple fringe generation
area. Thus, in general, with a white-saturated pixel having a
high subject brightness level (an actual luminance), the
purple-fringe generation area tends to be reduced, and with
a white-saturated pixel having a very high subject brightness
level (an actual brightness), the generation area tends to be
increased.

[0172] Thus, even for the same white saturated pixels in
photographed image data, changing and setting false-color-
pixel detection area (X,, X;, Vo, ¥;) in accordance with the
actual brightness of a subject can achieve reliable and
efficient detection of false-color pixels. In the second
embodiment, the actual brightness (actual luminance) of a
subject is detected or estimated and a false-color-pixel
detection area is set in accordance with the subject actual
luminance.

[0173] As described above, a white-saturated pixel having
a large luminance difference in the edge portion correspond-
ing to a difference in luminance level between the white-
saturated pixel and its neighborhood pixels results in a large
purple fringe generation area, and a white-saturated pixel
having a small luminance difference in the edge portion
results in a small purple fringe generation area. Thus, a
difference in the luminance of the edge portion needs to be
considered in order to determine the purple-fringe genera-
tion range. In principle, purple fringing occurs because of a
point-spread difference due to a light wavelength. The
point-spread difference due to the wavelength depends on
the type of lens, the settings of a focal distance, a diaphragm,
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and so on, and a position in an image. Therefore, if the point
spread is slightly changed by the light wavelength, false
color is generated even at an edge portion where there is no
much brightness difference in theory, but false color that is
perceivable by a person is not generated when the point-
spread difference is very small. However, even when the
point-spread difference due to the wavelength is small, if the
edge luminance difference is so large that a high-luminance
portion becomes saturated, the small difference is magnified
and perceivable false color is generated in a large area.
Accordingly, a difference in the luminance of an edge
portion, as well as a lens type, settings, and a pixel position,
must be considered in order to accurately determine an area
in which purple fringe can be generated.

[0174] The present embodiment overcomes such problems
and provides a method for more accurately detecting and
correcting purple fringe generated around a high-luminance
pixel. As in the first embodiment, the configuration shown in
FIG. 1 is applicable to the configuration of the image
processing apparatus in the present embodiment. The entire
processing sequence is also executed as processing in accor-
dance with the flow chart shown in FIG. 2, in the same
manner as the first embodiment.

[0175] The difference of the second embodiment from the
first embodiment is processing in step S305 in the flow
shown in FIG. 5, the processing corresponding to the
false-color-pixel detection-area setting processing in step
S103 in the flow shown in FIG. 2. That is, processing for
setting the false-color-pixel detection area (Xq, X;, Yo, ¥1) 18
different. Other processing, i.e., processing other than step
S103 in the flow of FIG. 2 in the first embodiment, is
analogous to the processing in the first embodiment.

[0176] In the present embodiment, the false-color-pixel
detection-area (x,, X;, Yo¥,;) setting processing in step S305
in the flow of FIG. 5 is executed as processing for setting an
optimum false-color-pixel detection area corresponding to
the brightness (actual luminance) of a subject. Details of the
processing for setting a false-color-pixel detection area in
the present embodiment will be described below with ref-
erence to FIG. 15 and the subsequent drawings.

[0177] The principle of generation of false color (purple
fringe) will be described with reference to FIG. 15. FIGS.
15(a) and FIG. 15(b) are graphs in which the vertical axis
indicates the brightness (actual luminance) of a subject and
the horizontal axis indicates the pixel position of photo-
graphed image data. FIG. 15(a) includes the brightness
(actual luminance) of a subject=500 and this portion appears
as saturated pixels, i.e., white saturated pixels in the photo-
graphed image. A saturation threshold line 510 in FIGS.
15(a) and FIG. 15(b) represents the saturation threshold of
an image capture device with respect to the amount of
incident light. That is, when the amount of light larger than
or equal to the saturation threshold line 510 is incident, the
image is saturated to become a white-saturated image.

[0178] FIG. 15(a) shows a case in which a subject having
a neighborhood portion whose brightness sharply changes
between a subject brightness (actual luminance) of 500 and
a brightness (actual luminance) of 10, that is, a subject
whose actual luminance changes from 500 to 50, is photo-
graphed. FIG. 15(b) shows a case in which a subject whose
actual brightness changes from 5000 to 50 is photographed.
In FIG. 15(a), a portion having an actual luminance of 500
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is located on the saturation threshold line 510 or above, and
this portion becomes white saturated portions. In FIG. 15(5),
a portion having an actual luminance of 5000 is located on
the saturation threshold line 510 or above, and this portion
becomes white-saturated pixels, which are expressed as
pixels having the same white saturation pixels in the pho-
tographed image.

[0179] In FIG. 15(a), the solid line (G) is a green channel
light-amount line (G) 511 indicating the amount of green
channel light incident on the image capture device and the
dotted line (B) is a blue channel light-amount line (B) 512
indicating the amount of blue channel light incident on the
image capture device. In FIG. 15(5), similarly, the solid line
(G) is a green channel light-amount line (G) 521 indicating
the amount of green channel light incident on the image
capture device and the dotted line (B) is a blue channel
light-amount line (B) 522 indicating the amount of blue
channel light incident on the image capture device.

[0180] FIGS. 15(a) and 15(b) illustrate states in which the
same lens was used to perform photography. Since the same
lens was used for the photography, the point spread profiles
of'the green channel and the blue channel are completely the
same. However, the actual luminance of the subject in FIG.
15(b) and the actual luminance of the subject in FIG. 15(a)
are different from each other and the amount of light incident
on the image capture device when the subject in FIG. 15(54)
is photographed is far larger than the amount of light
incident on the image capture device when the subject in
FIG. 15(b) is photographed.

[0181] When the amount of incident light is large, the
photographed image displays a significant level difference
between green and blue. Purple fringe is generated at a
portion where a level difference between green and blue in
the photographed image is large. Thus, in FIG. 15(a), about
a 10-pixel portion at the right side of a white-saturated pixel
is a portion where purple fringe is highly likely to be
generated, and in FIG. 15(b), about a 20-pixel portion at the
right side of a white saturated pixel is a portion where purple
fringe is highly likely to be generated. High-luminance
portions in FIGS. 15(a) and 15(5) also have a portion where
the level difference between green and blue becomes sig-
nificant, and this portion appears as white saturated pixels in
the photographed image and does not become purple fringe
pixels.

[0182] In this manner, purple fringe is often generated
around a high-luminance portion that causes white satura-
tion, and the area in which the purple fringe is generated
depends on a difference in the luminance of the edge portion.
Luminance values and purple-fringe generation areas in
photographed images of subjects having actual luminances
corresponding to FIGS. 15(a) and 15(b) will be described
with reference to FIG. 16. FIGS. 16(a) and 16(b) are graphs
corresponding to FIGS. 15(a) and 15(). FI1G. 16(a) corre-
sponds to a subject whose actual luminance changes from
500 to 50 and FIG. 16(5) corresponds to a subject whose
actual luminance changes from 5000 to 50. The luminance
value distribution of image data obtained when those two
images are photographed using the same lens becomes as
shown in FIG. 16(c).

[0183] In FIG. 16(c), the vertical axis indicates the lumi-
nance value of photographed-image data (i.e., the luminance
value of a photographed-image) and the horizontal axis
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indicates a pixel position. In the image data, a luminance
level of 255 is a luminance level for the saturation level, and
an actual luminance of 500 and an actual luminance of 5000
both result in pixels having a saturation luminance level of
about 255, i.e., white-saturated pixels, on a photographed
image. Purple fringe appears at a portion in the neighbor-
hood of a white-saturated pixel. This purple-fringe gener-
able area corresponds to about a 10-pixel portion in area A
shown in FIG. 16(c) for a subject having an actual lumi-
nance of 500 shown in FIG. 16(a) and corresponds to about
a 20-pixel portion in area B shown in FIG. 16(c) for a subject
having an actual luminance of 5000 shown in FIG. 16(b).

[0184] In this manner, purple fringe is generated around a
high-luminance portion that causes white saturation, and the
area in which the purple fringe is generated depends on a
difference in the luminance of the edge portion. The original
luminance without saturation needs to be determined in
order to determine a difference in the luminance of the edge
portion. As one method for addressing tnis issue, a method
in which an image photographed with an image capture
device having a low-sensitivity sensor is used is available.

[0185] Specifically, an image capture device in which
multiple sensors having different sensitivities are arranged is
used for a pixel at the same position. For example, two types
of sensors, i.e., a normal-sensitivity sensor and a low-
sensitivity sensor, are arranged. An image photographed
with the normal-sensitivity sensor is used as a photographed
image, and the original subject luminance (the actual lumi-
nance) of a portion that has become white-saturated pixels of
the image photographed with the normal-sensitivity sensor
is determined based on an image photographed with the
low-sensitivity sensor. Even for a subject having a high
luminance that causes white saturation with the normal-
sensitivity sensor, the image photographed with the low-
sensitivity sensor does not cause white saturation in the
photographed image because of the low sensitivity and is
output as pixels having luminance values that do not reach
the saturation value. Thus, for the subject having an actual
luminance of 500 shown in FIG. 16(a) and a subject having
an actual luminance of 5000 shown in FIG. 16(b), the
images can be output as image data having respective
different photographed-image luminance values. Processing
for estimating the actual luminance of a subject based on a
photographed image using a low-sensitivity sensor will be
described with reference to FIG. 17. FIGS. 17(a) and 17(b)
are graphs corresponding to FIGS. 15(a) and 15(b) and
FIGS. 16(a) and 16(5). FIG. 17(a) corresponds to a subject
whose actual luminance changes from 500 to 50 and FIG.
17(b) corresponds to a subject whose actual luminance
changes from 5000 to 50. The luminance-value distributions
of image data obtained when those two images are photo-
graphed using the low-sensitivity sensor become as shown
in FIGS. 17(p) and 17(g). The luminance-value distributions
of image data obtained when those two image are photo-
graphed using the normal-sensitivity sensor become as
shown in FIG. 17(7). FIG. 17(7) is a graph similar to FIG.
16(c). For either case of actual luminances of 500 and 5000,
the photographed-image luminance value is output at sub-
stantially 255, i.e., is output as white-saturated pixels.

[0186] However, as shown in FIGS. 17(p) and 17(g), in the
luminance-value distributions of image data obtained when
photography is performed using the low-sensitivity sensor,
an image portion that caused white saturation on the normal-
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sensitivity photographed image does not become white-
saturated pixels and is output as pixels having a luminance
value that is less than the saturated pixel value. In the
illustrated examples, in the data shown in FIG. 17(p) which
is image data of a subject having an actual luminance of 500
shown in FIG. 17(a), an image portion having an actual
luminance of 500 is output as image data having a photo-
graphed-image luminance of 5, and in the data shown in
FIG. 17(¢) which is image data of a subject having an actual
luminance of 5000 shown in FIG. 17(b), an image portion
having an actual luminance of 5000 is output as image data
having a photographed-image luminance value of 50. In this
manner, when photography is performed using the low-
sensitivity sensor, even a portion that causes white saturation
with the normal sensor because of a large amount of incident
light does not cause white saturation and is output as a pixel
having a level value less than the saturation luminance
value. Thus, the image data of a somewhat-bright subject
and a very-bright subject can be output as image data having
different luminance values. In the present embodiment,
image data photographed under such conditions different
from those for normal photography processing is used as a
reference image to determine and estimate the subject actual
luminance of a white-saturated pixel portion in a normal
photographed image, and based on the estimated result, a
false color (purple fringe) generable area is set.

[0187] Examples in which the low-sensitivity sensor is
used to obtain a reference image for determining the actual
luminance of a subject have been described above. As
another example, the configuration may be such that pho-
tography is performed with a dark exposure by increasing
the shutter speed to obtain the reference image. Even when
white saturation occurs in a normal photographed image,
i.e., occurs in an image photographed with an adequate
exposure, the result of the photography with the dark expo-
sure is that white saturation does not occur and pixel values
less than the saturation luminance value are output. Thus, an
image photographed with an increased shutter speed can
also be used as the reference image. For example, when an
image photographed with about Y3oth of exposure time in
adequate exposure is used as the reference image, it is
possible to estimate a subject actual luminance for pixels
that have been saturated in the adequate exposure.

[0188] As described above, an image photographed under
a low exposure condition, such as an image photographed
with the low-sensitivity sensor or an image photographed
with a high shutter speed, is used as the reference image, the
actual luminance of the subject is estimated based on a
reference-image luminance value of a portion corresponding
to a white-saturated pixel in a normal photographed-image
data, and an optimum false color (purple fringe) pixel
detection area is set based on the estimated actual lumi-
nance.

[0189] FIG. 18 shows one example of the relationship
between a subject actual luminance (the true luminance of a
white-saturated pixel) and a false color (purple fringe)
generable range (the distance from a white-saturated pixel).
The graph shown in FIG. 18 corresponds to the example of
FIG. 17 and shows that, when the subject actual luminance
is 500, the false color (purple fringe) generable range (the
distance from a white-saturated pixel) is 10 pixels from the
white-saturated pixel, and when the subject actual lumi-
nance is 5000, the false color (purple fringe) generable range
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(the distance from a white-saturated pixel) is 20 pixels from
the white-saturated pixel. The example shown in the figure
is one example, and pre-measured data is used for the
relationship between the subject actual luminance and the
false color (purple fringe) generable range, based on the
characteristics of the optical system of the image-capture
system.

[0190] A procedure for the false-color-pixel detection-area
setting processing in the present embodiment will be
described with reference to the flow shown in FIG. 19. the
flow in FIG. 19 is one part of the flow in FIG. 5 illustrated
for the first embodiment described above. That is, the flow
in FIG. 19 shows the processing in steps S304 and S305 in
FIG. 5, i.e., the processing for determining whether or not a
pixel of interest is a white-saturated pixel and for setting,
when it is a white saturated pixel, a false-color-pixel detec-
tion area (Xq, X;, Vo, ¥;) around the pixel. In the second
embodiment, the processing of this part is executed as
processing different from the first embodiment.

[0191] The processing sequence of the second embodi-
ment will be described in accordance with the flow in FIG.
19. Step S304 is processing similar to the first embodiment
and the pixel value of the white saturation mask S at a set
pixel position is determined. At the set pixel position (%, y),
for the white saturation mask S (x, y)=false, the process
proceeds to step S314 (see FIG. 5) for the processing on a
next pixel. If S (x, y) is true, the process proceeds to step
S305a. When the white-saturation mask S (x, y) is false for
the pixel position (X, y), this means that the pixel value of the
pixel poison (X, y) indicates a non white-saturated pixel.
When the white-saturation mask S (%, y) is true for the pixel
position (X, y), this means that the pixel value of the pixel
poison (x, y) indicates a white-saturated pixel.

[0192] When the white saturation mask S (x, y) is true for
the pixel position (X, y), in step S305q, the pixel value of a
reference-image pixel corresponding to the white-saturated
pixel position (X, y) is obtained. The reference image refers
to, for example, an image photographed with the low-
sensitivity sensor described above or an image photographed
under a low exposure condition, for example, an image
photographed with an high-speed shutter speed and with an
adequate exposure or below. Based on the reference image,
the pixel value of a reference-image pixel corresponding to
the pixel (X, y) determined to be a white-saturated pixel in
a normal photographed image, which is an image to be
processed, is obtained.

[0193] Thereafter, in step S3055, based on the pixel value
of the reference-image pixel, a false-color-pixel detection
area (Xo, Yo, X;, y;) is determined using a lookup table
(LUT). FIG. 20 shows an example of the data structure of
the lookup table (LUT) used in the present invention. The
lookup table (LUT) shown in FIG. 20 has a table structure
in which “the luminance of a reference image”, “the actual
luminance of a subject”, and “a false color (PF: purple
fringe) generable pixel range” are associated with each
other. This table is shown as a table corresponding to the
example described above with reference to FIGS. 15 to 17.

[0194] For example, it is shown that, when the luminance
in the reference image is “5”, the subject actual luminance
is “500”, and the “false-color (PF: purple fringe) generable
pixel range” in this case is in a range of 10 pixels from a
white saturated pixel. Similarly, it is shown that, when the
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luminance in the reference image is “50”, the subject actual
luminance is “5000”, and the “false-color (PF: purple fringe)
generable pixel range” in this case is in a range of 20 pixels
from a white saturated pixel.

[0195] In step S3055 shown in FIG. 19, for example, the
“false-color (PF: purple fringe) generable pixel range” set
according to the luminance in the reference image is deter-
mined from the table shown in FIG. 20, and based on the
result, the false-color-pixel detection area (X, X;, Vg, ¥;) 18
determined as an area including the false-color (PF: purple
fringe) generable pixel range.

[0196] Although the table shown in FIG. 20 has a structure
containing the actual luminance data of a subject, this data
is not essential. It is sufficient if the table is configured to
allow the determination of the false-color-pixel detection
area (Xq, Yo, Xy, Y1) based on the luminance of a reference
pixel corresponding to a white-saturated pixel on an image
to be processed, i.e., a normal photographed image. That is,
the table may be configured as a lookup table (LUT) in
which “the luminance of a reference image” and “a false-
color (PF: purple fringe) generable pixel range” or a false-
color-pixel detection area (X,, Vg, X;, ¥;) are associated with
each other.

[0197] The functional configuration of a digital signal
processor (DSP) (corresponding to the DSP 106 shown in
FIG. 1) in the image processing apparatus of the present
embodiment which executes the above-described processing
will be described with reference to FIGS. 21 and 22.

[0198] FIG. 21 is a diagram corresponding to the configu-
ration of the DSP described above with reference to FIGS.
14 for the first embodiment and FIG. 22 is a diagram
showing the configuration of the false-color-pixel detection-
area setting unit 403 shown in FIG. 21. As shown in FIG. 21,
as in the first embodiment, the digital signal processor (DSP)
in the present embodiment has a color conversion unit 401,
a white-saturation detection unit 402, the false-color-pixel
detection-area setting unit 403, a false color (purple fringe)
detection unit 404, a pixel-value correction unit 410, and a
color inverse-conversion unit 405. The pixel-value correc-
tion unit 410 includes a false color (purple fringe) compen-
sation interpolation unit 411 and a false color (purple fringe)
blur processing unit 412.

[0199] The digital signal processor (DSP) 106 receives
image data (RGB,,)) from an input-image frame memory 420
and the color conversion processing unit 401 converts the
color space of the input RGB image and separates it into
luminance components and color components. The process-
ing executed by the color conversion processing unit 401
correspondsdto the processing in step S101 in the flow chart
shown in FIG. 2. The input image RGB, is converted and
is separated into a luminance component image [, and a
color component image C,,. That is, the input RGB-color
image is converted into a color space having luminance
components and a color space having color components.
YCbCr, CIE L*a*b*, or the like can be used for the color
space.

[0200] Next, based on the data converted by the color
conversion processing unit 401, the white-saturation detec-
tion unit 402 detects a pixel portion where white saturation
occurs. This processing corresponds to step S102 in the flow
chart shown in FIG. 2. Specifically, as described with
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referene to the flow chart shown in FIG. 4, a pixel having a
luminance that is higher than or equal to a predetermined
luminance threshold is detected and a white saturation mask
S (%, y) for identifying the white saturated pixel is generated.

[0201] The false-color-pixel detection-area setting unit
403 performs processing for setting a false-color-pixel
detection area at portions around the white-saturated pixel
detected by the white-saturation detection unit 402. This
area setting processing is processing for determining an area
in which false color can be generated around a white-
saturated pixel (x, y) that satisfies the white-saturation mask
S (x, y)=true, and as described above, an optimum false-
color-pixel diction-area setting processing using the refer-
ence image is executed.

[0202] The functional configuration of the false-color-
pixel detection-area setting unit 403 will be described with
reference to FIG. 22. As shown in FIG. 22, the false-color-
pixel detection-area setting unit 403 has a reference-image
analyzing unit 711, a lookup table storing unit 712, and a
false-color-pixel detection-area determination processing
unit 713. The reference-image analyzing unit 711 obtains,
from the white-saturation detection unit 402, a white-satu-
rated-pixel position in an image to be processed, and obtains
the luminance value of a reference-image pixel correspond-
ing to the white-saturated pixel position. The reference
image is an image photographed from the same subject as
the image to be processed but is an image photographed with
the low-sensitivity sensor or an image photographed with an
exposure less than an adequate exposure, for example, with
the setting of a high-speed shutter speed.

[0203] The false-color-pixel detection-area determination
processing unit 713 receives, from the reference-image
analyzing unit 711, the luminance value of the reference-
image pixel corresponding to the white-saturation pixel
position in the image to be processed. Based on the received
value, the false-color-pixel detection-area determination
processing unit 713 determines a false-color-pixel detection
area by referring to a lookup table (LUT) stored in the
lookup table storing unit 712. For example, as described
above with reference to FIG. 20, the lookup table (LUT) is
a lookup table (LUT) in which “the luminance of a reference
image” and “a false color (PF: purple fringe) generable pixel
range” or a “false-color-pixel detection area (X, Yo, X1, ¥1)”
are associated with each other.

[0204] In accordance with the luminance value of the
reference-image pixel corresponding to the white-saturated
pixel position in the image to be processed, the false-color-
pixel detection-area determination processing unit 713
determines a false-color-pixel detection area (X, Yo, X1, ¥;)-
The false-color-pixel detection-area determination process-
ing unit 713 determines, as four scalar values (Xy, X, Vo, ¥1)s
the range of a false-color-pixel detection area around a
white-saturated pixel (x, y) and further generates a false-
color area mask P that is obtained by removing white-
saturated pixels from that area (see the processing flows in
FIGS. 5 and 19). This processing makes it possible to set a
false-color-pixel detection area, considering an actual sub-
ject luminance (an actual luminance), thereby achieving
optimum area setting. Referring back to FIG. 21, the
description of the present embodiment will be continued.

[0205] The false color (purple fringe) detection unit 404
uses the false-color area mask P set by the false-color-pixel
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detection-area setting unit 403 and further executes process-
ing for detecting pixels determined to have false color
(purple fringe) by color determination processing for each
pixel. That is, the false-color area mask P is updated to
generate a false-color area mask P that is capable of iden-
tifying only false-color pixels to be corrected. This process-
ing corresponds to step S104 in the flow chart shown in FIG.
2 and is executed in accordance with the procesring flow
shown in FIG. 7. As described above, color to be determined
as false color is arbitrary, and thus a configuration in which
only purple having a specific color value is set as false color
or a configuration in which multiple colors such as green and
purple are set as false color is possible.

[0206] The false color (purple fringe) compensation inter-
polation unit 411 performs processing for correcting the
pixel determined to have false color by the false color
(purple fringe) detection unit 404. The processing corre-
sponds to step S105 in the flow chart shown in FIG. 2 and
is executed in accordance with the processing flows shown
in FIGS. 11 and 12. This pixel-value correction processing
includes the compensation interpolation processing (see
FIGS. 10 and 11) executed on a pixel, determined to have
false color (purple fringe), based on the values of pixels
other than its surrounding false-color and white-saturated
pixels, and the processing (see FIG. 12) for reducing the
color saturation of false color (purple fringe) pixels that have
not been corrected by a predetermined number of repetitions
of the compensation interpolation processing.

[0207] The false color (purple fringe) blur processing unit
412 executes blur processing on data corrected by the
processing of the false color (purple fringe) compensation
interpolation unit 411. This processing corresponds to step
S106 in the flow chart shown in FIG. 2 and is executed in
accordance with the processing flow shown in FIG. 13.

[0208] The false color (purple fringe) blur processing unit
412 extracts a pixel determined to have false color by the
false color (purple fringe) detection unit 404 and applies a
blur filter to the color components. For example, the false
color (purple fringe) blue processing unit 412 determines the
average value of nine pixels including a pixel (x, y) to be
processed and its surrounding eight pixels and performs
moving-average filter processing for setting the average
value as an updated pixel value of the pixel (x, y) to be
processed.

[0209] The color inverse-conversion unit 405 converts the
luminance component image L, of the original image and
the color component image C, which is a result of the
above-described processing, and outputs a resulting image
RGB_ as an RGB color image.

[0210] When the present embodiment is applied, it is
possible to perform appronriate correction on false color,
such as purple fringe, caused by chromatic aberration
occurred to an image photographed by a camera, and is
possible to achieve the generation and output of high-quality
image data.

[0211] In addition, according to the second embodiment, a
subject actual luminance corresponding a white-saturated
pixel is estimated based on a reference image, a false color
(purple fringe) detection area corresponding to the subject
actual luminance is set, and false color (purple fringe) pixels
in the set area are detected and corrected. Thus, a false color
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(purple fringe) detection area corresponding to an area in
which false color (purple fringe) is likely to be generated can
be set, without the set false color (purple fringe) detection
area becoming too large or too small. False color (purple
fringe) pixels can be reliably and efficiently detected, the
accuracy of image correction is increased, and the efficiency
is increased.

[0212] The present invention has been described above in
detail with reference to the particular embodiments. How-
ever, it is obvious that those skilled in the art can make a
modification and substitution to the embodiments in a scope
without departing from the substance of the present inven-
tion. That is, the present invention has been disclosed by
way of example and thus should not be construed as limit-
ing. The scope of the claims should be construed in order to
understand the substance of the present invention.

[0213] The series of processing described herein can be
executed by hardware, software, or a combined configura-
tion thereof. When the processing is executed with software,
it can be executed by loading a program, in which the
processing sequence is recorded, into an in-computer
memory built into dedicated hardware or installing the
program onto a general-purpose computer that is capable of
performing various types of processing.

[0214] For example, the program can be pre-stored on a
storage medium, such as a hard disk or a ROM (read only
memory). Alternatively, the program can be temporarily or
permanently stored (recorded) on a removable storage
medium, such as a flexible disk, a CD-ROM (compact disc
read only memory), an MO (magneto optical) disk, a DVD
(digital versatile disc), a magnetic disk, or a semiconductor
memory. Such removable storage media can be supplied as
the so-called “package software”.

[0215] In addition to installing the program from the
above-described removable storage media onto a computer,
the program can be wirelessly transferred from a download
site to the computer or can be transferred to the computer by
a wired connection through a network such as a LAN (local
area network) and/or the Internet, so that the program
transferred in such a manner is received by the computer and
is stored on a storage medium such as a built-in hard disk.

[0216] The various types of processing described herein
not only include processing that is time-sequentially
executed according to the described sequence but also
include processing that is concurrently or individually
executed according to the throughput of an apparatus that
executes the processing or according to need. The term
“system” herein refers to a logical combination of a plurality
of apparatuses and is not limited to a system in which
individual apparatus are included in the same housing.

INDUSTRIAL APPLICABILITY

[0217] As described above, according to the configuration
of the present invention, a white-saturated pixel is detected
from image data, a false-color-pixel detection area is set
around the detected white-saturated pixel, pixels having
color corresponding to false color such as purple fringe are
detected from the set area, the detected pixels are determined
as false-color pixels; and correction processing based on the
values of the surrounding pixels is executed on the identified
false-color pixels. Thus, it is possible to efficiently detect the
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area of false color, such as purple fringe, generated in the
neighborhood of a white-saturated pixel and to partially
correct the values of pixels. It is also possible to generate and
output high-quality image data without affecting the entire
image.

[0218] According to the configuration of the present
invention, it is possible to perform appropriate correction on
false color, such as purple fringe, caused by chromatic
aberration occurred to an image photographed by a camera,
and it is possible to achieve the generation and output of
high-quality image data. With a conventional camera, there
is a possibility that an unnatural image is photographed
unless settings, such as a lens diaphragm, are adjusted in a
situation in which purple fringe is generated. However,
when the present invention is applied, it is possible to
efficiently extract and correct false color, such as purple
fringe, contained in a photographed image and it is possible
to generate and output a high-quality image. Thus, there is
no need to pay attention to the lens diaphragm and the focal
distance such that purple fringing does not occur during
photography, thus making it possible to perform photogra-
phy with a higher degree of freedom.

[0219] In addition, according to the configuration of the
present invention, a subject actual luminance corresponding
a white-saturated pixel is estimated based on a reference
image, a false color (purple fringe) detection area corre-
sponding to the subject actual luminance is set, and false
color (purple fringe) pixels in the set area are detected and
corrected. Thus, a false color (purple fringe) detection area
corresponding to an area in which false color (purple fringe)
is likely to be generated can be set, without the set false color
(purple fringe) detection area becoming too large or too
small. False color (purple fringe) pixels can be reliably and
efficiently detected, the accuracy of image correction is
increased, and the efficiency is increased.

1. An image processing apparatus, having:

a white-saturation detection unit for detecting a white
saturated pixel from image data;

a false-color-pixel detection-area setting unit for setting a
false-color-pixel detection area around the white-satu-
rated pixel detected by the white-saturation detection
unit;

a false-color detection unit for identifying pixels having
color corresponding to false color as false-color pixels
in the area set by the false-color-pixel detection-area
setting unit; and

a pixel-value correction unit for executing pixel-value
correction processing, based on values of surrounding
pixels, on the false-color pixels detected by the false-
color detection unit.

2. The image processing apparatus according to claim 1,
wherein the pixel-value correction unit has a compensation
interpolation unit for executing compensation interpolation
processing, based on the surrounding pixel values, on the
false-color pixels, and a color blur processing unit for
executing color blur processing on the false-color pixels.

3. The image processing apparatus according to claim 2,
wherein the pixel-value correction unit selects pixels other
than false-color pixels and white-saturated pixels from pix-
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els that exist around the false-color pixels and executes
compensation interpolation processing based on the selected
pixels.

4. The image processing apparatus according to claim 1,
wherein the false-color detection unit executes processing
for identifying, as false-color pixels, pixels having preset
specific color in the area set by the false-color-pixel detec-
tion-area setting unit.

5. The image processing apparatus according to claim 1,
wherein

the false color is purple fringe, and

the false-color detection unit executes processing for
identifying, as false-color pixels, purple pixels in the
area set by the false-color-pixel detection-area setting
unit.

6. The image processing apparatus according to claim 1,

wherein the false-color-pixel detection-area setting unit
executes processing for determining the false-color-
pixel detection area set around the white-saturated pixel
detected by the white-saturation detection unit, in
accordance with at least one piece of data of a dia-
phragm during photography of image data to be pro-
cessed, focal distance information, and a distance from
an optical center to a white-saturated pixel (x, y).

7. The image processing apparatus according to claim 1,

wherein the white-saturation detection unit executes pro-
cessing for selecting a white-saturated pixel having a
luminance higher than or equal to a predetermined
threshold.
8. The image processing apparatus according to claim 1,
further

having a color conversion unit for executing data conver-
sion processing for separating input image data into
luminance-component image data and color-compo-
nent image data, and

executes pixel-value correction processing based on the
converted data generated by the color conversion unit.
9. The image processing apparatus according to claim 1,

wherein the false-color-pixel detection-area setting unit
having:

a reference-image analyzing unit for receiving a reference
image in which a pixel at a position corresponding to a
white-saturated pixel in an image to be processed does
not have a saturation luminance value and obtaining a
luminance value of the reference-image pixel corre-
sponding to the white-saturated pixel in the image to be
processed, the reference image being a photographed
image of the same subject as the image to be processed;
and

a false-color-pixel detection-area determining unit for
setting a false-color-pixel detection area in accordance
with the luminance value of the corresponding refer-
ence-image pixel, the luminance value being obtained
by the reference-image analyzing unit.

10. The image processing apparatus according to claim 9,
wherein the false-color-pixel detection-area determining
unit sets a false-color-pixel detection area by using a lookup
table in which the luminance value of the reference image
and a false-color generable pixel range or the false-color-
pixel detection area are associated with each other.
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11. The image processing apparatus according to claim 9,

wherein the false-color-pixel detection-area determining
unit executes processing for setting a wider false-color-
pixel detection area as the luminance value of a corre-
sponding pixel in the reference image increases.

12. The image processing apparatus according to claim 9,

wherein, by using, as the reference image, an image
photographed by an image capture device having a
low-sensitivity sensor or an image photographed under
a condition of a low exposure less than an adequate
exposure, the false-color-pixel detection-area deter-
mining unit obtains a reference-image luminance value
of a portion corresponding to a white-saturated pixel in
an image to be processed.

13. An image processing method, having:

a white-saturation detecting step of detecting a white
saturated pixel from image data;

a false-color-pixel detection-area setting step of setting a
false-color-pixel detection area around the white-satu-
rated pixel detected in the white-saturation detecting
step;

a false-color detecting step of identifying pixels having
color corresponding to false color as false-color pixels
in the area set in the false-color-pixel detection-area
setting step; and

a pixel-value correcting step of executing pixel-value
correction processing, based on values of surrounding
pixels, on the false-color pixels detected in the false-
color detecting sten.

14. The image processing method according to claim 13,

wherein the pixel-value correcting step has:

a compensation interpolation step of executing compen-
sation interpolation processing, based on the surround-
ing pixel values, on the false-color pixels; and

a color blur processing step of executing color blur
processing on the false-color pixels.
15. The image processing method according to claim 14,

wherein the pixel-value correcting step is a step of selecting
pixels other than false-color pixels and white-saturated
pixels from pixels that exist around the false-color pixels
and executing compensation interpolation processing based
on the selected pixels.

16. The image processing method according to claim 13,

wherein the false-color detecting step is a step of executing
processing for identifying, as false-color pixels, pixels hav-
ing preset specific color in the area set in the false-color-
pixel detection-area setting step.

17. The image processing method according to claim 13,

wherein
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the false color is purple fringe, and

the false-color detecting step is a step of executing
processing for identifying, as false-color pixels, purple
pixels in the area set in the false-color-pixel detection-
area setting step.

18. The image processing method according to claim 13,

wherein the false-color-pixel detection-area setting step is
a step of executing processing for determining the
false-color-pixel detection area set around the white-
saturated pixel detected in the white-saturation detect-
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ing step, in accordance with at least one piece of data
of a diaphragm during photography of image data to be
processed, focal distance information, and a distance
from an optical center to a white-saturated pixel (x, y).
19. The image processing method according to claim 13,

wherein the white-saturation detecting step is a step of
executing processing for selecting a white-saturated
pixel having a luminance higher than or equal to a
predetermined threshold.

20. The image processing method according to claim 13,

further having

a color converting step of executing data conversion
processing for separating input image data into lumi-
nance-component image data and color-component
image data and of executing pixel-value correction
processing based on the converted data generated by
the color conversion unit.

21. The image processing method according to claim 13,

wherein the false-color-pixel detection-area setting step
having:

a reference-image ;an;rlyzing step of inputting a reference
image in which a pixel at a position corresponding to a
white-saturated pixel in an image to be processed does
not have a saturation luminance value and obtaining a
luminance value of the reference-image pixel corre-
sponding to the white-saturated pixel in the image to be
processed, the reference image being a photographed
image of the same subject as the image to be processed;
and

a false-color-pixel detection-area determining step of set-
ting a false-color-pixel detection area in accordance
with the luminance value of the corresponding refer-
ence-image pixel, the luminance value being obtained
in the reference-image analyzing step.

22. The image processing method according to claim 21,
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24. The image processing method according to claim 21,

wherein in the false-color-pixel detection-area determin-
ing step, an image photographed by an image capture
device having a low-sensitivity sensor or an image
photographed under a condition of a low exposure less
than an adequate exposure is used as the reference
image, and a reference-image luminance value of a
position corresponding to a white-saturated pixel in an
image to be processed is obtained.

25. A computer program for causing a computer to

execute image processing, the program having:

a white-saturation detecting step of detecting a white
saturated pixel from image data;

a false-color-pixel detection-area setting step of setting a
false-color-pixel detection area around the white-satu-
rated pixel detected in the white-saturation detecting
step;

a false-color detecting step of identifying pixels having
color corresponding to false color as false-color pixels
in the area set in the false-color-pixel detection-area
setting step; and

a pixel-value correcting step of executing pixel-value
correction processing, based on values of surrounding
pixels, on the false-color pixels detected in the false-
color detecting step.

26. The computer program according to claim 25,

wherein the false-color-pixel detection-area setting step
including:

a reference-image analyzing step of inputting a reference
image in which a pixel at a position corresponding to a
white-saturated pixel in an image to be processed does
not have a saturation luminance value and obtaining a
luminance value of the reference-image pixel corre-

wherein the false-color-pixel detection-area determining
step is a step of setting a false-color-pixel detection area by
using a lookup table in which the luminance value of the
reference image and a false-color generable pixel range or
the false-color-pixel detection area are associated with each
other.

23. The image processing method according to claim 21,

sponding to the white-saturated pixel in the image to be
processed, the reference image being a photographed
image of the same subject as the image to be processed;
and

a false-color-pixel detection-area determining step of set-
ting a false-color-pixel detection area in accordance
with the luminance value of the corresponding refer-
ence-image pixel, the luminance value being obtained
in the reference-image analyzing step.

wherein the false-color-pixel detection-area determining
step is a step of executing processing for setting a wider
false-color-pixel detection area as the luminance value
of a corresponding pixel in the reference image
increases. ¥k k% %
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